The key feature of the mammalian cerebral cortex is the uniformly laminar structure that historically has been described as hexalaminar (Zilles and Amunts, 2010) . Heterogeneous populations of excitatory/inhibitory neurons and their neurites and various glia cell types are merged in distinct proportions to make up different cortical layers. These layers are present in all cortical areas, but their thickness, cell density, and proportions vary according to the requirements of computational functions performed by the area. This variation in cell composition (cytoarchitecture) has been the subject of investigation for more than a century because it often correlates with functional specialization (Zilles and Amunts, 2010) . Laminar and areal differences are reflected in the expression of marker genes, which often encode proteins of neurological importance (Belgard et al., 2011) and are thus likely contribute to some functional differences between these groups of cells.
Gene expression has been examined in mice using both high-throughput in situ hybridization (Lein et al., 2007; Hawrylycz et al., 2010) and RNA-seq (Belgard et al., 2011) . Although individual genes have been examined in humans and nonhuman primates, in this issue of Neuron, Bernard et al. (2012) uniquely assess transcriptional expression patterns in adult Rhesus monkeys using high-throughput approaches. Implementing laser microdissection techniques (Wang et al., 2009; Ayoub et al., 2011; Oeschger et al., 2011) , the authors isolated small neocortical regions with high accuracy and resolution for subsequent microarray and weighted gene coexpression network analyses. By examining individual neocortical layers within regions, including the sublayers of layer 4 in V1, the authors were able to reveal differences in gene expression that can be lost in gross dissections of whole cortical areas. The regions selected for analyses included sensory, motor, association, and functional visual cortical areas. Layers of the lateral geniculate nucleus (LGN) and hippocampus were also dissected to allow extracortical comparisons. Biological replicates from both sexes (two female and two male) were profiled with GeneChip Rhesus Macaque Genome Arrays. The authors identified differentially expressed genes and coexpressed gene sets that differentiated cortical layers and areas, or that varied between males and females or more broadly among individuals. The authors also present an in situ hybridization-based comparative analysis of gene expression patterns between macaque, human, and mouse neocortex to investigate how gene expression patterns may have diverged since the common ancestor of primates and rodents. Both array data and extensive in situ hybridization validations are freely available through the NIH Blueprint Non-Human Primate Atlas website (http://blueprintnhpatlas.org).
The transcriptome comparisons revealed interesting features of the genetic organization of the neocortex. First, the study corroborated in primate neocortex an earlier finding in rodents that spatial proximity is a major predictor of similar gene expression (French and Pavlidis, 2011) . Second, the results suggest a marked transcriptional differentiation of primary visual cortex (V1) relative to other cortical areas. Primate V1 has been long considered unique in its cytoarchitecture and cell numbers (reviewed in Lent et al., 2012) and this uniqueness has been considered to be largely due to layer 4, which is comprised of several sublayers (4 A, B, and C; C is further divided to 4Ca and 4Cb; Figure 1 ). Therefore, it is not surprising that gene expression in the sublaminae of layer 4 of rhesus V1 differs considerably from expression in layer 4 of other cortical areas (Figure 1) . Third, many genes whose expression was most unique to V1 were selectively expressed in layer 6. Finally, genes marking specific layers sometimes shared common functions that reflected known neurobiology. For example, genes associated with longterm potentiation and calcium signaling were especially abundant in neocortical layers 2 and 3, perhaps reflecting the considerable synaptic plasticity of these layers. Cortical areas were often discriminated by changes in laminar patterning of genes, which may partially reflect differences in cell-type subpopulations.
In the adult rodent brain, connected regions share a weak but statistically significant similarity in gene expression (French and Pavlidis, 2011) . As such, the authors hypothesized that connected regions in the monkey may also preferentially express similar genes. Sublayers of layer 4 in primate V1 selectively receive input from different structures. Specifically, layer 4Ca receives input from LGN magnocellular cells and layer 4Cb from LGN parvocellular cells (Figure 1) . However, no significant similarity was observed in the relative transcriptomes between these pairs. This suggests that if some commonality of gene expression does indeed contribute to the magnocellular and parvocellular specificity of connections in primate layer 4, it may involve small numbers of genes, genes expressed in subpopulations of cells within the dissections, or genes expressed earlier in development. Targeted studies of carefully chosen cell types at critical developmental stages and the investigation of specific ligand-receptor pairs could give more definitive answers to this question.
As expected from cytoarchitecture, cross-species analysis of gene expression patterns in this study reveals a basic molecular template of cortical architecture with some variations. Laminar gene expression patterns reflected phylogenetic relationships where the patterns of gene expression in macaques were more similar to those of humans than to those of mice. Corresponding to the considerable cytoarchitectural differences between species, laminar expression in V1 was especially different in mouse relative to human and nonhuman primates.
Altogether, the authors identified nearly 5,000 laminar genes, similar to the 5,800 predicted in mouse using RNAseq (Belgard et al., 2011) , which may be a more sensitive method. The authors found that most laminar genes were expressed in complex patterns, and often were enriched in multiple proximal layers. Superficially, this might appear surprising in the light of previous observations in mouse that most laminar genes are enriched in a single layer (Lein et al., 2007; Belgard et al., 2011 ). An interpretation reconciling observations in both species that is consistent with the underlying data of all three studies is that most laminar genes are relatively highly expressed in multiple (often proximal) layers but nevertheless are most highly expressed in one of those layers.
Every groundbreaking study comes with some caveats. Laminar gradients of subpopulations of glia or interneurons could affect the hierarchical clustering and lead to adjacent layers appearing more similar than they would if only excitatory neurons were profiled. Nevertheless, functional annotations, and previous work in mouse (Belgard et al., 2011) , suggest that these laminar genes are more typically either neuronal genes or oligodendrocyte markers that are expressed in a predictable monotonic gradient favoring deeper layers. Likewise, areal and laminar variations in cortical vasculature might contribute to some expression differences.
In the future, RNA-seq could be used to measure additional aspects of the transcriptome in the primate, such as splice isoforms and transcription from currently unannotated loci. Subsequent findings could be compared with such work in mice (Belgard et al., 2011) to examine the evolution of such transcriptomic features across cortical layers. Emerging sequencing technologies that produce longer sequence reads will allow for more direct measurements of biased allele expression.
Ultimately it will be necessary to thoroughly characterize several properties of specific cell subtypes marked by collections of these genes. How does gene expression in an individual cell correspond to its connectivity and physiology? Namely, what is the anatomical and physiological significance of the reported gene expression differences between primate V1 and rodent V1? Furthermore, how do the developmental trajectories of cell subtypes differ and to what extent are these developmental decisions reflected in the adult? What are the differences in areal developmental programs between regions and species, and how do these relate to topological changes in functional processing (Lukaszewicz et al., 2006; Mantini et al., 2012) ?
Another central question to evolution is population variation in phenotype, and how it relates to genotype. Integrated genetic-neuroscience studies of interindividual variation in the relative abundance and properties of these various cell types will provide a snapshot of the phenotypic variation within a population and how it relates to the heritable information of the genome. This paper offers a first glance at genes whose patterns of expression vary among individuals. The present study also describes sex differences in the expression of several autosomal genes, as previously observed (Kang et al., 2011) . The biology that underlies and results from the gene expression differences between males and females may provide insight into neurodevelopmental disorders that differentially afflict men and women such as autism.
Finally, the results call into question the prevailing cytoarchitecture-based hexalaminar nomenclature used for the neocortex. For example, in this study the authors show that what is presently known as layer 4A in primary visual cortex is transcriptionally far more similar to layer 3 than to other layer 4 sublaminae. Interestingly, Hassler and Stephan (1966) and subsequently Casagrande and Kaas (1994) arrived to similar conclusions by tracing neuronal connections. If further work demonstrates this clustering is driven by excitatory neurons, a genetically informed reconsideration of laminar nomenclature may be in order.
